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measure all the key oceanic species via in situ chemical sensor technology.
The committee recommends that resources be made available to attract spe-
cialists in synthetic organic chemistry and polymer materials to the field of
selective recognition chemistry for ocean measurements. For telemetered
data, processing close to the sensor should be emphasized, to reduce the
size of the data stream.

Standards and Calibration

The ability to make analytical measurements depends intimately on the
availability of well-defined standards and calibrants. Many measurements
of analytes in seawater (such as DOC and DON) cannot be compared among
laboratories because of the lack of appropriate reference materials and blanks
for instrument calibration and testing. Intercomparison exercises are criti-
cal (Williams, 1992). Seawater is a highly complex medium that makes
development of standards particularly difficult. The committee recommends
that agencies supporting new ocean measurement technology, such as the
Department of Energy (DOE), the National Science Foundation (NSF), the
National Oceanic and Atmospheric Administration (NOAA), the National
Institute of Standards and Technology, and the Office of Naval Research
(ONR), devote a portion of their budgets to support development and main-
tenance of standards and calibrants. Without standards it will be impossible
to develop, let alone deploy, new measurement techniques. Quality control
for oceanographic data is crucial as the number of laboratories scattered
around the world, both shipboard and land based, measure analytes in sea-
water. It is unfortunate that funding for production of standards and for
calibration is often the first to suffer when agency budgets are cut.

Resources for Instrument Development

Perhaps the major thrust of this report is that improved ocean instru-
mentation will be necessary to acquire the data necessary to evaluate global
change. As noted by Wunsch (1989), the present process and resources for
developing ocean instrumentation are inadequate. Present funding for ocean
research is ill suited for instrument development because the funding pro-
cess provides support for a period of 3 to 5 years. Yet ocean instrumenta-
tion takes longer to develop than typical laboratory instrumentation, be-
cause it must be made to work reliably in a hostile ocean environment after
being demonstrated on the laboratory bench. For instance, constructing a
specialized instrument for use on land might take 2 to 4 years before pub-
lishable results are obtained. For an in situ device, an additional 3 to 5
years might be required. Thus, few results will be obtained before funding
lapses. Moreover, there is overt technical risk in developing new instru-